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(54) MAGNETIC MEDIUM WITH IMPROVED EXCHANGE COUPUNG 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase 
antiferromagnetic coupling between a magnetic layer and 
a magnetic layer without increasing noise. 
SOLUTION: The magnetic recording medium is provided 
with a substrate (102), a underlayer (104). a lower 
magnetic layer (106) formed on the underlayer, an 
intermediate layer (108), and an upper magnetic layer 
(110) formed on the intermediate layer. The intermediate 
layer is typically made of Ru to promote 
antiferromagnetic coupling between the upper and lower 
magnetic layers. The upper and lower magnetic layers 
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are typically made of Co alloys. The lower magnetic layer \^ 
has high saturation magnetization Ms to promote high 
exchange coupling between the upper and lower 
magnetic layers. The dynamic coercive force of the 
lower magnetic layer is lower than the exchanged 
magnetic field to enable rapid switching of the lower 
magnetic layer. 
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mtiTmmSimm&OM s I^SOO emu/cm3j:ijA$ 

%CDCr, 0A^t.6)l^%(OT a, 0A\e>10S'=f-%(DB» 0 

:1C|-XI4, Co. Cr. Ta, B. P t Jii^l-fl) T3X 
MEXI4N b, Ta. Cu. Mo.W, V. SU 

%©Cr, 8A^P>20ll^-%roP t » 0*^&20IST-%a)B$ 

=^C:(=XI*. Co, Cr, Ta, B, P t JJ151><7) 1 OX 

ttEXttN T a, C Mo. W, V, S K C. 
Pd, Ru, I r. XI4YA^t.S«**V«1 "3X1***1. 

[^*« 9 1 ai*^ 1 EKroaimE^JSt*i3fcL^-c, 

fltrE»«i:l!rET«BtftJi«afi©lffll=}e«**tfcTJB* 

Ru*^&^ts4'ras, s.xsmwi>^m±i^mAititz± 



RuA^feJEE^^PiaJi, ai;f(rE«raHJii=}Bfit**ifc± 

2] «SlEM^»l{4:r=«t'-C, 

ltrE3£«-tl::}^filt*tLfcTffllfflEa®«Jt, 

fiifSSi)i«l&£{f^. «;rEJiffiiaiSiJB«at»BirETiim 

fii{SSvJB«l£$ffiil. l»EJiffi!BSliBfltSl*flfrETfiitt 
««*fc35SH»l!ia)ll«tt. »ii«^«)Pa(-. 100 5 -J » 

art-e. frETfflOffiftHflls©-®!*. SIS»i=*©S 

R uA''C)^E'5it'P4ig. ai^ME+rajfif-J^^^^i-fc-t 
fi9tt€ismit$fSx, ftrE±ffi9aiSis«jti*i;rETiii{i 

SH1iSf=S56«1te^L. |trETflHtl»»«3S©»» 

«aE*i:SgS«l!iroil«l*. «ai^<orai=, 1005 'J» 

i8ETfin»as«Jt«)-»i*. -ttoejeafbtt 
tii9o%jji±(=iija-r-5 c t *«»i:-r4«aE»fflEi*. 

RuAx&ftft^lHJi. &i;WE*IHJB±l=»fiE**i,fc-t 

fkmiitiiWimst-ommt. «i&^o>riai=. 1005 

fi§95%JJl±lciiJS-rS :i *!^ai:-r-5«§lEefeJ««:. 
[iS*^l 6] «aESfiE(*l=fcL^-C, 

fltJES«-ht=jefiE**L. K uA«0A^&1.0xl06e r g/ 
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[^^^17] m^m^ emmomns&mti^mztii^ 

l(rlBTffll«aH<»K uli. 0.5x106e r e/cm3 

[iif««i 9] m^m^ e^inomfs.iimtmmz^i'^ 

1 / 2 J: y /!> ^? tx«SffiM^Jg»:. 
y ic^ INT -C? & S «miHM^!««:, 

Bt!BiTmm^mm&±izm^^*\,tcR uii^^tji^'i'rn 

RxftiiU'i>rsm±izmiS.ts*itz±mm%mm&im 
7L. mn±mm9iBm&itmKT9imis.sm&izsi^m 
i4e-&L. 105 'jf^a>x-( 'u'j'Xfmrsizm^Ltztism 

Wo 

im^m 2 2 ] 2 1 fBea>tt§vBB3«lft:lcfeL^ 

3S»as<o 1 / 2 J: y 'j^* L^^i§^l^s^fil^*. 

[Si3Hm 2 4 ] «S8B^fift:|C ^ t^r . 

@. s.utis^'pNim±\zmmt^i^tz±mm^mm^^m 



iirETffi«§iseiJt-hic^fii ^? *tfc R u !5^ & * s *pa 
[iS*Ji2 7] ii*«2 4;iS2 6fl)<5iJh.AM ^se 

VP-f , ir>^fX CoTaZr. FeTaC. Ni 
FeNb. CoFe, NiCrFe, NiV. CuN 
U F e Rh. ai;P t Mn*^e,S«?**Lfc^*1?fe« 

2 9 ] 1 2 8 a>m*iis^ 1 ^E»0!> 

imatm 3 O ] iff«« 1 TbS 2 8 (OHtld^ 1 ^SSBttO 

!BHzRuii^l^t3:^f^2tprSimt^f&Ai*l. ltrSBST«Sl 
[OO O 1 ] 

si^a^mzm-ti,. 

[0002] 

Stijl*. @i(=i*. mi :^iRiDiic«<b**if=« 
m^4romi MiSEAat. mi :^rsii:S«a)m2:sr(Sjo2ir 

yrofBM^ffiJt*S:*:l=-r5rc(i. 31i^^JgETRIi-c^-Sf£ 
It. M r T/H ci^jtfiyr*. MraCo#& 

[00 0 3] Si»^JSETR<0:g*^S<-r-5fctol=tt. M 
r T$/Jx*< LT4,at^. LJ^L. ESMEftiroM r T 

«>4:. M r T*/Jx*<-r-i)i:. SgA<±#-r S i: « 
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[0 0 0 41 S2li. 1*3RO^2(7>ffimiB&jSi*20*5F 
L. *S22<h. TM2At. C o-^^Om^Mzet. Ru 

28a>ll$3b<fc-&effl (ffOx_tf. 0.3*^e>1.0nm) W^fc 

r26T26-KM r 3oT30l^^^'^"^o ^^i^- Klilt^J 
Sft. M r 26l*aSvS26<OBIB«Sl. T26(±«S»26^ 

»*T**«o (S»Kli. llSH26i:«aS30(DS^at 
tt«^OSfti::Hat-^o ) L*^L. ia»jt»2oa)8ftS 
Sttli. Mr26T26-+-K2Mr3oT3oa)^a^UTit< 

[0 0 0 5] ia2<DiaMtiS(*20lC7^— ^SIBg-Tixt 
ttSlS26^:atftH30a)N<Di&^tt1tlS^l:i<ti'J. 

a<b-ri>i:#. atas26a>«^b:^fR3i*. ey^ii. ^ 

a]D4-C^$*L'SJ:5l::S«*lRlt?fc^o 0 31*. @2 

iBM^^«^*20lC*^lti>^^HappSii^■^^<t> tX^U 
*^X;U— ':^40<DfflS»P 1 tfl*. «ftlS26i:flai^^30l*l^ 

P3I*. )5^^It§^i^Happ^^^^&§l-'C. ffll^g26*<«t^b 
^lR3*SE^b*-y:-5->:#<D. IBSjKi*20(DatS^14S^ 

-To 3bMt-5fiat^Happ*^o(c^c^ih (*P4) . aaH2 

6(i:SriRi D 4 [^il<b$:tx^o 

[0 0 0 6] gl4t±. ^S^26A<^^m30lCli<S^at 
ttlB^ Ur 1^-5 i: #<DIB&JS<*20<7) 1 7.x 'J i^7.)\^—y 
S^-To ia^-r-5«fc5l:iH3i:JtRL-CB4T*l*. 
M26A<a^b:^fpl* (iP^. :^^q)D3;f)^t»D4lc) ::^^-:/ 
^^^V^-r-S^PSI*. 3&Mt^ail^Happ*^•|•oi:i£t^^ 
T?fiC^o «ftJB26i:«a»30(DIBa>«me^*<8it^ 

IZ. «imS30A<:&[RlD3(ca^b**t. «9vH263b<*fiID 

4(c«4b**t*ttJii*f^€>a>iZcfcy:gt^^r0iA^A^A^^o 
iHb:)^iRiD4icx^*>^>y-r^o Miz^ mi^f^^it^ 

fc. Happ*^-l?n 1=^-3^=^^- «aH26;&<3raa)J;5 

fc^^ici*taai^bs*t3St>tt»*^i:*o 

[o 0 o 7] 



[SgB^Jb^S^Lcfc^^-r-S^M] «^M26*h^m@30<D 
J«(*20' IZR u H28<D«-fll(3tt«:36:C oli34. 36*5&*Q-r 

^zifcfc-So coM34.36ii. m%m2etm%m3o<D 
mo^^m^f&^^mm^'^^o co®34,36i*. co 

B34.36rt<Dft^fai<DaSte^lw.*:y. i5S«»20*<Dy 
*JiiHl$-a:^c:^3S:<. i»mB26i:ai«S3Oa>P0ia>S5i 
[0 O O 8] 

[0 0 0 9] *:«e3(7>l «S»"ei*. TfflKStJitt. St^ 
3E»fflt» (exchange field) Hex * g^l'-T li 

laSOMstt. 250emu/cm3i:*Ll^36^-^-tLcfcy:^ 
:ft^M(::(*300emu/cm3cfcy*:^lV T<i» 
%m<OhAs\t. 2000emu/cm3t^Lt>*^-€-4x<fcy 
/h* <Tti<fc<. A^tfHZl*1400emu/cm3cfcy/h 

[O O 1 O] ]tt^Ms1Sl*. R u* raStB^L"^- ^ 

l^S5il«•tt^B^*^7LS c i: 3b<»A^ofco (St^M s fit 
■C3»ift0 Rj«|5S:x hf >(7)SSa>ii&T* fci) t> T* fc i) it 

u«*««ior.fcy»i^»(DX»A<fi-*p4i^o ) 

[00 11] :^%m(r>^(Dmm^<^Mt. wi^^mtiH 
c txs^at^H e xa>ii^ii. ai^^-<x^(Z)i sea 

[0 0 1 2] iHM^x>r *:/^>^^rBi(cS3t^r. Tuas 
»a>Hci*-tfpt^ui^*^-t*tcby*#t^*^ 

H e X cfcy/J^* l^o IB^X-f ^y^V^^PeKrecording s 
witching tirae)|Zfclt^TflO«^Ma)H c(*. ^R^WIC 

iilB®ftPpia)XSl«»a>fi 1 / 2 fc* L t>A^^iXcfc y /J> 
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^ >y ^ra 13 33 et -5 TfiiasH 0) H c <fc y ft y :^ # 
) 

[0 0 1 31 :^%mo>i&(Dmmiz^Jti{t^ ±mmm,ma> 

(OKul*. l.Oxlofie r s/cm^^y)X^l\ (-tffli 
Wl3li107e r g/cm3j:y/Jx$LNo ) Tffl^m@(7)K 

m3. 1.0xl03e r g / c m3XI** < T 

l^o (LA^L. Oe r s / c nx^lzmLl^t^^tl^ ^J^^ 

fty. ■t*ticj:yTfij«aHa>«<b*iRja>x-r->^>y 
[0 0 1 4] 1 iitsa)j^8iT*ii. Tfflg«ias(*. coK 

— A^^-^&y. 53b^P>20ll^%a>C r . 0A^C,6J1^% 
(DTa. 0A^t>10JlT-%<Z)B. 0A^t>10ll^%a)P t 3&^t> 

|gl6a>J^«B-ei4. XttNb. Ta. Cu. Mo. 

V. Si.C. Pd. Ru. lr. X(iY(D1 OXI*-?- 

He. K u $^"i"o 

[0 0 15] 1 IIJSa)?^^TMi. -t^igatmai*. Co^ 
— X^^Tffcy. 10*>t»30jlT%(DC r . 8A^t>20jS^ 

(*. 03b^e»iojiiT%<DXS$:t-r^-i:*<T-^. ceo 

V\t. XttN b. Ta. Cu. Mo. W. V. Si. 
C. Pd. Ru. I r. XI*Y<D1 OXI*-?-*li5l-tt?fc 

-To 

[00 1 6] *in^^a>iA0>mm(of^miz^^m%^mt^ 

[0 0 17] itiaoiea-ei*. ±mtTmm^ma>^\z 
r>l^Xlt-<fzf}<. ±mtTmmf^mon*it^x\tmyj 

It. mtj:^i^^(Dm&ov-:^mimpix^S:i\ 

ffl^*5**Lfci^:?H0%afi^Msi4. ii^Lfciir-fc 

[0 0 1 8] 



aaiHS«{*100li. ^«tt»ffi102^. TSl04i:. T 

(^llfil02(D±®^TS5l02a, 102ba)M:^<D±l=)^A$tV 
^^a)fci6Ji®102a±a)^(D^*^-ro ) 
[0 0 1 9] «aSl06^110(i. mm^lZltCo^ F 

ft^fi«ll=ld:2]bx^8nm-efty. ttftfll 1 0(7)9 ;3f f^A^ 
Wl::l*636^b30nm-efc^o *rBlMl08l**^e^(CliR u 
XliRu^^ (CD^tf. *M6^f3RuA^t>ft'&) -Cfe 
4b. (c^^MSioSCDl^^ r^^^nrzl^O. 3;b^ ^ 1. 0 n m-e 

fc^o ) co^^<Dii^. SBtM^ioechiioii. 

liHC Pjgg1S3ei:. 1 1 2~~0;j-yx>^-i/a>^ 

TPl04li. ;»^WIC(iC r XttC r -Mot^OC r ^ 
^T'&^o 1 HffiCOJ^^TMi. T<1M104I*C rsoMo 
20 (1^^%) T'fey. J^SlOnm. BCCjSSfllitTJfc 

[0 0 2 0] ±^Lfz^5\z. ^%m(D^mm\z^tl 
mi'^M s ^^-r c $«iE-r ^ c ^ icj: y m^^ti^o 

Msl4. »^L<fi250emu/cm3^§Lt^3^»^•^■*Uck 
y < . m^MlC 14300 emu/cm3i:^L l^t^^tl 
J;y:^^<. 1 ||J6(OJ^ffiTrl4350emu/cm3j:y* 
^L^o S^mmzlt. «^Pl06<DMs(42000emu/c 
m3j:y/J\$<, ataMlOBj&^^rcCoTffc^S^. {im 
B106(7>M s I4t^1400 e m u / c m3 J: y /Jx$ (Tfi!) 

m^Mio6fi±ffl5aim^noj: y gLXM s *^-Lr ^,S:t^ 
AMfi«J(::l4±ffliaa@110ttTfi9«a®l06J: y 

[002 1] X. Ji2&Lyc.fc3l::Tlll^^Hi06O«^ 
*I4. *^6^(:I^4^f^(z^Ll^?!I^^ttJ:y:*:#l^*^ IB 

tv-S-x-fX^ F^-r :^rt(Z)T'^X^I4. ft4,000;5^t>15, 
OOOr pmt?Ia3e-r^« C*tl4. IsIfeHaSlBS Uf3>*^t>4 
5y8Mz«JE-r-5o ) 3KftSat**iTl^^7^-<X^ 
>r:?rM4. X-<-:;^>^^PBll4JKll0n sT'&^o ^mti 

tit. m%y ^ ji^2K(omitmwzi)^ifh,H^. ^omm 
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<. »*L<l*aS«aS^He x<Dl/2(Z^Ll>3b>-^-*t 
It. In S3b^e)10n sXI*'^•4^«fcySC^XY•y^>y^ 

ra (xi*-«iwiooe=ie>3b^t>ioon s) (roiN-c^ri* 
[0 0 2 2] ^mmomm-^it. ±mmm,muooi»ffy 

««:b(i3000Oecfcy:^^L^ (LA^L. a^Wl^iiio.o 

oooe j:y/h$iN) o Tmm^m^oe<Dntf^%mMt25o 

OOecfcy/h^U^ (LA^L. «Mfl«IlC|*0Oec*:y:^^ 
t^) . ±fi!IlttftJ9l10a>nft^at^ 1^60000 e:6^ ^25. 00 

Ot>T) o Tfl!iat^®106</>Blfl^e«:tltt2500Oe cfcy 
(L*^L. *^»f3(iOOelcl|Ll^A^^*L«*:y 

[0 0 2 3] Tfim^®106l*mMfi^lCliHCP Co 

^^T?fc€>o 1 mm<Dmmt:it. Tmm%mweit. 5A^ 

e>20liiT-%a)C r . 03!l>t»6jlji^%a)T a. 0*^^)1011^ 
%<Z>B. 0;b>t)10l^^%<DP t S^L. ?iy(*Cot?fc 
So m?i\t. Tfill«a®106l±CoC ri6Ta4T*^fi: 
IV (ZCfC, CoC ri6T a4lil6jjST-%(Z)C r. 4lS 
^%<7)Ta. ay CoCD'&^^^-ro ) XI*. Tffi!l«S 

«l06^*o*^ i^wm^%<r> X * ^wr s ztt^v^. - c 

l*C u. Mo.W. V. Si. C. Pd. Ru. I r. 

ul*. 1.0x104e r e o m^tm Ll'^t^^tl^ V 
<Tt«fc<. «xli0.5x106e r g / c m3Ax Ox 10 
6e r g/cm3'CfcSo 
[0 0 2 4] te05^1fia)J^®r*l*. Tll!l«aSl06li. 

^) . F e A I S i (-feV^X h) . Co T a Z r . F 
eTaC. NiFeNb^ CoFe. NiCrFe^ N 
iV, CuNi. FeRh. XI* P t MnT?a&«o 

[0 0 2 5] ±mm^muo\t^tz. mm^izitco-^ 

%m^^o\t^ot^h>zom^%o>c r. 83!»>^2oiST-%a)P 

?Lit. ±flOKaSl10l*CoC ri5P t nBiiT?t.m 



XI*. ji<iiatm)iiioi*oAN^ioi®^^%<7)x^-g-*-r 

S C <!: 3b<-r? * . Z C iz X li 1 oXI***Lisl±(Z>ftfe(D7c|g 
t?fc«>o eyietf. XliNb. Ta. Cu. Mo. W. 
V. S U C. Pd. Ru. jr. XI*Y01 OXIi-t 

St^Ku^^L. ^J^lSKul*1.0xl06e r g/cm3 
«|:y**t\ 0ix.lilxio6e r g/c m3*xP,1. 0x10? 
e r g/cm3T*fey. ^S^ttSffiil-r So (-hllOaE 
aJi110a)Kul*Tfi9«a)i106<DKu J:y*:#t^o ) ± 
ffi«SHl10tt*^c. «iLtf300emu/cm3j:y^* 
L^®l^Ms^^•rSo lie«S(^ J^SITM*. ±ffl!l«ft«11 
0(DM s (*300A^b600e m u / c m^t:S>^o 
[0 0 2 6] HSAtSBl*. ^tt^tLlgC^Ms ^St^ 

Ms<D«aiaesai(*:icoi>-cM r T±a>Hm^mm\y— 

K (3$Jg) OaS^^-To '^l::. 138 At 8 B(75Happ 
«l^ffl?IU-hl±. 0.l8^3b^t,a8^*T?S^b•^-So 08 
B OmUf -f X <7 1*. Ms A<tt550/ c m3a>Tfl!l«mH 

app;b<oo e {zm'r^mizmityj]^!^:^^ v^^xf-t^o 

m»?L$>t. -«IZMrl*fl|?IU-htaiE-CfftSo 
[0 0 2 7] J^HiMlC. 13 8 A<DTfly«^Sl*<£t^Ms 
(300emu/cm3) $^L. tSoT ^£l^&^«tt^lS'& 
«*fo -^-Hf^Tl. H8 A(Z)«ftai*<DttiH (TfiJU^ 
;UH c 3b<3E»«*^Sl::3J^t^) "CI*. M r lid: y 

-hicft:S"rSo ctii*. TfiyasmMottsiicfflaiiw 

ttTffcSo 

[0 0 2 8] 09A<h:9B[*. -^tl^ttSSSl^^at^H 
e X A<300O e «h2500O e <Z>at^iBg^Jft{*lw'3l^rS* 
ISfQSfiXs (f undamenta I harmonic amplitude decay) 
^^-To 139 At 9 BOYttI*. iE^{bLfcS2^|ll?Pli 
(i^^-To m»K.St. «SLia««(*Icr-$»A^iBMt* 

iBfi**tfcfi-^a)«ei*i«y3SLy-"K/^'y^ 

A'>^fii-enjofcfli*n^-ro S9AcDr— ^1*. sjss 
■X— ^i^MLSBSl:Iot^r^^Lrt^So s^-rsj:3 
(c. ^IHt^lcfifg;&ojx$<)^S@£l*. SBSf&Sic:*: 

^<ikn^^o m^Lit. 3kFc \ (w>^^yiy3oo 

I*. ft0.73IC«TU. — ^289kFC I (DffiJtTfl*. « 

«<b Lfc**g|fDtite(*20»m(cjis5io. 98CD(itic«T-r S 

it^ID•rsA^?>•r*ftSo cojsa-rsasA^ Tffl!i«ftji 

i::) . Tfl!l«Sv»i06a>«^b*lRl*X-<u/f^>y-rScD 
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